1. The objective of the present experiment was to study the effects of oak (Quercza incunu) leaves rich in tannins on various enzyme activities of the bovine rumen.
Tannins are present in oak (Quercus incana) leaves at high concentrations, which affect the availability of nutiients and even produce toxic effects when animals consume high amounts of oak leaves (Negi et al. 1979; Neser et al. 1982; Lohan et al. 1983; . One of the many factors responsible for these effects could be the inhibition by oak tannins of various enzyme activities of the rumen. A number of studies have been made of the effects of tannins on various enzymes in vitro, including some rumen enzymes (McLeod, 1974; Singleton, 1981 ; Kumar & Singh, 1984) ; however, information on the effects of tannins on various processes in the rumen in vivo and in nylon bags is limited (Lohan et al. 1983) . One of the objectives of the present study was to investigate the effects of oak tannins on microbial enzyme activities in nylon-gauze bags incubated in the rumen.
Oak leaves are widely available in hilly regions of India and many other countries. In winter when there is acute fodder shortage in these regions, the oak leaves can provide the bulk of nutrients if a simple and economically viable detannification process is developed. There are possibilities that the treatments used for detannification oxidize or convert tannins into other forms which may interact with nutrients or enzymes and cause adverse effects (Sharma et al. 1977; Price et al. 1980 ; Kumar & Singh, 1984) . Therefore, it was necessary to develop a model system by which the possible effects of tannins or detannified materials could be predicted. In order to study the effects of oak tannins on rumen enzyme activities and to develop the model, we incubated oak leaves (tannin-rich material) and other tree leaves having low concentrations or virtually no tannins, in nylon bags in the rumen and determined various enzyme activities in the micro-organisms that are tightly bound to the washed solid matrix, and the fraction containing loosely plus tightly bound micro-organisms, corresponding to compartment 3 and compartments 2 + 3 respectively (Czerkawski, 1984) .
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Nylon bag incubations
A Jersey bullock (150 kg) with a permanent rumen cannula, maintained on a standard ration of wheat chaff ad lib. and supplemented with a balanced concentrate mixture, was used for the nylon bag (150 x 90 mm, 35 (SE 5) pm pore size) incubations. The leaves of oak, khirk (Celtis australis) and bamboo (Dendrocalamus hamiltonii) were dried to a constant weight at 55" and ground through a 1 mm screen in a Wiley mill. Samples (4-5 g) were incubated in the rumen for 48 h. The enzyme activities, microbial protein, DNA and RNA were determined in compartment 3 (particles tightly bound) and compartments 2 + 3 (loosely plus tightly attached to the solid matrix). These compartments have been defined as suggested by Czerkawski (1984) .
For the analysis of compartments 2 + 3, the contents of the nylon bag after incubation in the rumen were transferred to another nylon bag and squeezed until fluid no longer flowed from the bag. To the squeezed material (2g) was added 6ml phosphate buffer (0.05 M, pH 7.0) and the mixture was sonicated at 60 mA (Vibronics Ultrasonic Processor) for 4 min at about 4" with intermittent cooling. This procedure of releasing the contents of microbes into the medium was essentially the same as that described by Czerkawski et al. (1984) . After sonication, the contents were centrifuged at 25000g for 30 min at 4". The supernatant fraction was used for the various analyses.
For the determination of activities in compartment 3, the incubated material was transferred into another nylon bag and squeezed as before, then the material was suspended in 25 ml McDougall's buffer in the same bag. The bag was squeezed and another 25 ml McDougall's buffer was added to the same bag. The bag was again squeezed until fluid no longer flowed from the bag. This washed material would have essentially the microbes attached to the matrix and corresponded to compartment 3 (Czerkawski, 1984) . To 2 g of this material, 6 ml phosphate buffer were added. The rest of the procedure (sonication, etc.) was the same as that described for compartments 2+3.
Enzyme assays
Urease (EC 3.5.1 .5), carboxymethylcellulase (CMCase) and proteolytic activities were measured as described previously (Makkar et al. 1981) . Glutaminase (EC 3.5.1.2) and aspartate ammonia lyase (aspartase) (EC 4.3.1 . I ) were assayed by the method of Griffith & Carlson (1974) . The activities of various dehydrogenases were measured as described by Wallace (1979) . The method of Meers et al. (1970) was used to assay both NADH-(EC 1.4.1 .14) and NADPH-linked (EC 1.4.1 .13) glutamate synthase. Alanine aminotransferase (glutamic-pyruvic transaminase) (EC 2.6.1 .2) and aspartate aminotransferase (glutamic-oxaloacetic transaminase (EC 2.6.1 . 1) were measured by the colorimetric assay of Reitman & Frankel (1974) , and glutamate ammonia ligase (glutamine synthetase) (EC 6.3.1 .2) by the method of Bender et al. (1977) . All assays were carried out at 37", except dehydrogenases which were measured at 25". For all enzyme assays, the rate of product formation under the conditions employed was linear with respect to time and enzyme concentration.
Analytical methods The method of Lowry et al. (1951) was used for determination of protein after precipitation with trichloroacetic acid and dissolving the protein in 0.1 M-sodium hydroxide. Bovine serum albumin (fraction V) was used as a standard.
Nucleic acids were determined by the method of Schneider (1957) . The extracts of leaves were prepared as described by Martin & Martin (1982) . Tannins were measured by the method of the Association of Official Analytical Chemists (1970). CP, crude protein (nitrogen x 6.25); EE, diethyl ether extract; CF, crude fibre; NFE, N-free extract. The tannin content of Q. itex was 2 g/kg dry matter.
The effects of tannin-containing extracts of Q. incana and Q. ilex on rumen enzymes were studied on cell-free extracts in vitro. The procedures for collection of rumen fluid, isolation of cells from the fluid and sonication of the cells to obtain the cell-free extract for enzyme assays were the same as described previously .
The chemical composition of the leaves was determined by the method of the Association of Official Analytical Chemists (1984) .
The results were analysed statistically according to Snedecor & Cochran (1967) .
RESULTS
In order to determine the effects of oak tannins on different metabolic activities of the rumen, initially oak (Q. incana) and khirk (C. australis) leaves were selected for incubation in the rumen. C. australis was selected because the chemical composition of its leaves was similar to that of Q. incana leaves except for tannins and ash (Table 1) . To study the effects of oak tannins our model comprised incubation of Q. incana (tannin-rich) and C. australis (tannin-free) leaves in nylon bags in the rumen, and comparison of various activities in compartment 3 and compartments 2 + 3. The differences observed in these activities could be tentatively attributed to the effects of oak tannins. Of the hydrolytic enzymes studied, urease and CMCase activities were significantly lower for the Q. incana group than the C. australis group for compartment 3; the differences for compartments 2 + 3 were not significant (Table 2) . Protease activity was significantly lower for both compartment 3 and compartments 2 + 3 for Q. incana leaves. Aspartate ammonia lyase and glutaminase activities were not detectable ( Table 2) .
Both NADH-(EC 1 .4.1.4) and NADPH-linked (EC 1 -4.1 .3) glutamate dehydrogenase activities were significantly lower for the Q. incana group for compartment 3.
However, for compartments 2 + 3, NADPH-linked glutamate dehydrogenase activity did not differ significantly, but a significant difference was observed for the NADH-linked enzyme ( Table 3) .
The differences for other ammonia-assimilation enzymes, i.e. glutamate ammonia ligase (both y-glutamyl transferase (EC 2 . 3 . 2 . 2 ) and the forward reaction) and alanine aminotransferase, for compartment 3 were also significant. The activities of glutamate ammonia ligase were significantly higher for the tannin-rich group, unlike the other enzymes ( Table 3 ). No significant difference was found for glutamate ammonia ligase for compartments 2 + 3, and for aspartate aminotransferase the differences were not significant for both compartments. The activities of alanine dehydrogenase (EC 1 .4.1.1; both NADH-and NADPH-linked) and aspartate dehydrogenase (NADH-linked) could not be detected (Table 3) . * Defined as suggested by Czerkawski (1984) . 7 One unit is defined as an increase in absorption at 280 nm of 1.00 in 4 h.
A significant difference was recorded for protein : RNA ratio between the two groups ; however, there was no difference in protein : DNA ( Table 4) . A significant decrease was also observed in microbial protein in compartment 3 and compartments 2 + 3 for the Q. incana group ( Table 4 ). These results suggested that the differences observed in various activities in the two groups could be due to tannins present in oak leaves. However, the effects of some other constituents of the leaves on these activities could not be ruled out. To obtain supporting evidence for these observations similar experiments were carried out, incubating leaves of Q. incana and bamboo (D. hamiltonii) . The chemical composition of D. hamiltonii is given in Table 1 . The major difference between the leaves of Q. incana and D. hamiltonii was in the tannin content. The tannin level in D. hamiltonii was slightly higher than that of C. australis but was much lower than that in Q. incana (Table 1 ). Significant differences were observed for urease, CMCase, glutamate dehydrogenase (NADH-linked), glutamate ammonia ligase (both y-glutamyl transferase and forward reaction) and alanine aminotransferase in compartment 3 ( Table 5) .
The effects of tannin-containing extracts of Q. incana and Q. ilex on rumen enzymes were studied in vitro. The activities of urease, CMCase, protease, glutamate dehydrogenase (both NADH-and NADPH-linked) and alanine aminotransferase were inhibited increasingly with increasing quantities of the extract of Q. incana leaves in the asssay mixture. The amount of extract required to inhibit aspartate aminotransferase was higher (Table 6 ). Glutamine synthetase (forward reaction) was activated by up to 200 pl of the * The extracts used in these studies were prepared according to Martin & Martin (1982) except that the final volume was kept to 10 ml. Amounts of dried leaves extracted were 240 mg. Tannin content (as total phenols) of the Q. incana extract was 0888 mg tannic acid equivalent/ml and the condensed tannins were 0.405 mg catechin equivalent/ml, whereas for Q. ilex leaves these values were 0.48 mg/ml and 0.045 mg/ml respectively. t Q. ilex was also tested, but only the highest amounts of extract (300 pl) gave very small inhibition (5-8 % with some enzymes). Values were : urease 6, glutamate dehydrogenase (NADH) 5, glutamate dehydrogenase (NADPH) 8, alanine aminotransferase 8. extract in the assay mixture and above this level the activation was found to decrease. A similar trend was obtained for the y-glutamyl transferase reaction of glutamate ammonia ligase ( Table 6 ).
DISCUSSION
Most of the enzyme activities were lower for both compartment 3 and compartments 2 + 3 for the tannin-rich Q. incana leaves compared with C. australis leaves, except for glutamate ammonia ligase. The apparent stimulation of this enzyme is interesting to note.
The significant difference in protein: RNA ratio between the two groups ( Table 4) suggested that oak tannins may decrease RNA synthesis of rumen microbes. DNA synthesis did not appear to be affected. Tannins in the diet have also been reported to decrease microbial DNA and RNA in the rumen (Sadanandan & Arora, 1979) . A significant decrease observed in protein in compartment 3 and compartments 2 + 3 in the oak group (Table 4) indicated that tannins might inhibit the process of microbial attachment/adhesion to the feed particles. The differences observed in various enzyme activities were more marked in compartment are tightly bound to the solid matrix/feed particles, the effects of tannins are expected to be greater compared with those in compartments 2 + 3, where dilution of tannins decreases their effects.
In the present study (Q. incana v. C. australis) significant differences were observed for urease, CMCase, protease, glutamate dehydrogenase (NADH-and NADPH-linked), glutamate ammonia ligase (both y-glutamyl transferase and the forward reaction) and alanine aminotransferase, and the differences were more marked in compartment 3 . Therefore, the previously mentioned enzymes were assayed only for compartment 3 after incubation in the rumen, but in different sets of leaves: Q. incana and D. hamiltonii. D. hamiltonii leaves served as a control because the tannin content was low in these leaves. The results obtained ( Table 5 ) were similar to those found previously (Tables 2 and 3) . It could be inferred from the findings from the two different sets of leaves that the changes observed could be due to the tannins of oak leaves.
Findings relating to the effects of tannin-containing extracts on various rumen enzymes in vitro showed a trend similar to that observed when oak leaves were incubated in the nylon bags. Activities of urease, CMCase, protease, glutamate dehydrogenase and alanine aminotransferase decreased, whereas with glutamate ammonia ligase the enzyme activity increased and then decreased ( Table 5 ). No such effects were observed with the extracts of Q. ilex which has very low levels of tannins. Tannins have been shown to inhibit enzymes from various sources (Singleton, 1981; Reddy et al. 1985) . The mechanism by which tannins inhibit or stimulate any enzyme could be explained by a change in the conformation of the enzyme in the presence of tannins, so as to increase or decrease the availability of substrate at the catalytic site of the enzyme. Binding of tannins to glutamate ammonia ligase, up to a certain limit, might produce conformational changes in the enzyme which could expose the catalytic sites of the enzyme to a greater extent to the substrate. The activation of proteolytic hydrolysis of various proteins by tannins has also been demonstrated and is considered to be due to tannin-induced conformational changes in the substrate protein (Mole & Waterman, 1985; Oh & Hoff, 1986) . It would be interesting to investigate: (1) whether the activation of rumen glutamate ammonia ligase is specific for oak tannins or whether any tannin would produce this effect, and (2) the mechanism of activation of rumen glutamate ammonia ligase by oak tannins.
The findings suggest that the changes in the various enzyme activities in compartment 3 and compartments 2 + 3 with oak leaves incubated in the rumen are due to the presence of tannins. It is possible that the urease, CMCase, glutamate dehydrogenase (NADH-linked), alanine aminotransferase and glutamate ammonia ligase could be used as biological markers for the effects of oak tannins on the rumen. Measurements of these activities in compartment 3 would give a better reflection of the effect of oak tannins on microbial activities in the rumen. There are a number of reports (Sharma et al. 1977; Price et al. 1980) of chemical methods of tannin determination which showed that although the material had been detannified, when fed it produced deleterious effects. If the changes observed in the present study are due to tannins in oak leaves, the removal or inactivation of tannins from oak leaves should result in no changes being observed. Therefore, comparison of these biological markers in compartment 3 after incubation with the detannified leaves and with the original oak leaves in nylon bags in the rumen, together with the usual methods of tannin determination, would give a better insight into the efficiency of any detannification process. However, this model cannot predict postrumen effects of any tannin-rich or detannified material. It is evident from the findings of the present study that most of the microbial activities were inhibited by oak tannins. A decrease in the activities of urease and protease associated with oak tannins has also been recorded in vivo (Lohan et al. 1983) . Therefore, when oak
